Objective-The aim was to assess the significance of two biomarkers; antibody to benzo(a)pyrene DNA adducts and concentration of hydroxyethylvaline haemoglobin adducts in samples from a well studied group of coke oven workers. As a measure of exposure we have used 1-hydroxypyrene in urine.
highest values of urinary 1-hydroxypyrene. Antibody to benzo(a)pyrene DNA adducts did not correlate with either I-hydroxypyrene nor length ofwork at the coke oven plant. But antibody concentration in samples collected in January was predictive of the concentration in samples collected in June. A small non-significant increase in hydroxyethylvaline haemoglobin adducts was found in samples from coke oven workers relative to the control group when comparing smokers and nonsmokers separately. Conclusion-1-Hydroxypyrene correlates well with exposure groups based on job description. Antibodies to benzo(a)-pyrene DNA adducts was related to people and not exposure. Work at a coke oven plant might lead to increased hydroxyethylvaline haemoglobin adducts.
(Occup Environ Med 1995;52:750-756) Keywords : polycyclic aromatic hydrocarbons; biomarkers; antibodies to adducts Occupational exposure to polycyclic aromatic hydrocarbons (PAHs) is encountered in coke oven plants, electrochemical industry, electrode factories, and in various manufacturing plants with combustion processes. Several PAH compounds are potent carcinogens and working in coke production, aluminum production, and other processes with PAH exposure is thought to carry an increased risk of cancer.' 2 There is a general interest in development and evaluation monitoring methods for exposure and effects of exposure to ensure reliable health surveillance at work places with PAH exposure. 34 Measurement of 1-hydroxypyrene in urine has been shown to be a reasonably reliable method for monitoring of PAH exposure," and has been used as an exposure estimate for evaluating other methods. There is considerable interest in studying associations between exposure markers or effect indicators and cancer in workers occupationally exposed to PAHs.12-14 Benzo(a)-pyrene is metabolically activated to benzo(a)pyrenediolepoxide (BPDE), which can react with DNA resulting in benzo(a)-pyrene DNA adducts. It has been shown in humans who are occupationally exposed to high concentrations of PAHs,'5 16 or moderate amounts of PAH in the environment, ' All workers participating in this study were recruited on a voluntary basis. The workers were divided into exposure groups based on job category. Top side workers were assigned to the high exposure group, side oven workers to the medium exposure group, and maintenance workers to the low exposure group. 33-4 (10-7) 50-0 (50 9) into an HPLC with a Novapak C,8 column. Evaluation ofbiomarkers in plasma, blood, and unne samples from coke oven workers: significance of exposure to polycyclic aromatic hydrocarbons medium exposure groups in the January sampling and medium and high exposure in the June sampling. Table 2 shows arithmetic and geometric mean. In the control group there was a significant difference between smokers and non-smokers for urinary 1-hydroxypyrene. There was no such significant difference between the exposed smokers and non-smokers. But the arithmetic and geometric means show a larger increase in the exposed group than the differences found in the control group except for the arithmetic mean in the January samples (table 3) . The division into exposure groups explains part of the variation in urinary 1-hydroxypyrene as already shown. The mean values were higher among the workers who used protective masks. There was a negative correlation between urinary 1-hydroxypyrene and age and a positive correlation between exposure groups and age-that is, there was an overrepresentation of young workers in the high exposure group. Regression analysis of 1-hydroxypyrene in urine from workers sampled in June as the dependent variable and January as the independent variable resulted in an Samples collected in January 2(B) ), the regression coefficient was 0-82 and intercept 11.1, P < 0-0001, R2 73%. (table 6) .
HYDROXYETHYLVALINE BOUND TO HAEMOGLOBIN
Hydroxyethylvaline was analysed in 20 haemoglobin samples collected in January, 10 from the control group and 10 from the highly exposed group, 10 were smokers and 10 nonsmokers. There was a significant difference between the concentration of hydroxyethylvaline in haemoglobin among the smokers and the non-smokers z = 3-72 (Mann-Whitney U test, P = 0-0002) Hydroxyethylvaline data were analysed for correlation with urinary 1-hydroxypyrene, exposure group, smoking, age, and years worked at the plant. Only smoking gave a significant correlation coefficient equal to 0-78 (P = 0-0001, Pearson product moment). Table 7 shows the actual values. There were higher hydroxyethylvaline adducts in both PAH exposed groups when we divided them into smokers and non-smokers and compared them with control groups of smokers and nonsmokers. The differences were not significant. But the sample size was small.
Discussion
The urinary 1-hydroxypyrene results are comparable with previously published results at coke oven plants.611 Our 1-hydroxypyrene data correlates well with expected exposure based on job descriptions, and workers at the top side of the oven have the highest values as expected (also found by others).6 But it should be noted that even among the workers at the top side several workers were found with low urinary 1-hydroxypyrene (fig 1) . It is interesting to see that urinary 1-hydroxypyrene values measured in the June samples can partly be explained by values found in January. This shows that sampling only once gives a fairly good estimate of the exposure at such a plant.
Measurements of 1-hydroxypyrene mirrors the exposure in the short term, about 24 hours,'2 whereas PAH DNA adducts have a longer half life and are therefore likely to be the result of exposure from a much longer time period, at least several weeks." With this background, correlation between adducts and urinary 1-hydroxypyrene would be less likely. Recent reports have found no association,9 or a weak association4 between adducts and urinary 1-hydroxypyrene.
Antibodies to benzo(a)pyrene modified DNA were first measured in serum from coke oven workers,'516 where about 30% of the workers had such antibodies. Unexposed control groups were not included in these studies. Later Newmann and coworkers studied a nonoccupationally exposed group and found antibodies in serum from about 40% of the workers,'7 which is comparable with the data from coke oven workers, and indicates that coke oven workers are not more prone to have high antibody concentrations than non-occupationally exposed people. Our study, with a control group exposed to low concentrations of PAHs, clearly confirms the above indication that high PAH exposure has no effect or only a marginal effect upon formation of antibodies to benzo(a)pyrene DNA adducts. Similar results have been found in a study among foundry workers35 and patients treated with coal tar.'6 The influence of number of years worked at a coke oven has also been analysed and no significant association has been found,'6 which also supports our findings.
We cannot offer any good explanation why some people have high concentrations of antibody to benzo(a)pyrene DNA adducts, but it is likely to be due to some personal factor, either genetic, or environmental, or both. As we found a high correlation between antibodies to benzo(a)pyrene DNA adducts and antibodies to pure DNA (table 6) a genetic component may be possible. One could dispute this correlation as the analysis for antibodies to DNA and for antibodies to benzo(a)pyrene DNA adducts was done with the same analysis, but the high concentration of antibodies to DNA should decrease the concentration found for antibodies to BPDE modified DNA. Passive smoking and industrial pollution during infancy could induce some lasting formation of antibody. We have no information on these factors, but the studied population does live in an industrialised region. We are planning a follow up of this analysis. The plant has been closed for several years and it would be interesting to investigate if the same people still have high concentration of these antibodies.
Ethylene oxide has been identified in atmospheric air samples as a result of combustion of hydrocarbon fuels.27 It is therefore not unlikely that coke oven workers will be exposed to hydroxyethylating agents. The established fact that cigarette smoking increases hydroxyethylvaline in haemoglobin complicates the analysis of the possible effect of the workplace. The increase due to work at the coke oven plant was about 7% to 40% of the difference we found between smokers and non-smokers, and therefore not important as a risk factor compared with the concentrations found among workers occupationally exposed to ethylene oxide. 22 25 To unequivocally analyse the possible contribution from work at a coke oven plant one should study non-smokers in a larger group than we have investigated here.
In summary, we have measured urinary 1-hydroxypyrene concentrations in different working groups at a coke oven plant. We have established new evidence that coke oven workers do not have increased amounts of antibody to benzo(a)pyrene DNA adducts compared with a control group. We have presented evidence that the quantity of antibodies to benzo(a)pyrene DNA adducts are person related, possibly genetic. Hydroxyethylvaline adducts in haemoglobin were increased among coke oven workers, but were not significant.
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